unified field theory (the unified equations that describe all of physics), they wanted to unify mathematics on a sound basis starting with a given set of axioms and, by deduction, derive everything. They finished their book, the Principia Mathematica in 1925.
However, not long after, a young upstart threw a monkey wrench into the whole thing. This was Kurt Godel, an Austrian mathematician who in 1931 published a paper on "Formally Undecidable Propositions of frincipia Mathematica and Related Systems."
He restricted himself to arithmetic systems and showed that there were two things that you could never decide about the set of axioms.
One was the question of consistency: Are your axioms self-consistent? Could you possibly have two or more axioms that were not explicitly inconsistent, but eventually, by no errors in logic, could lead to two theorems that are contradictory? The second one is the question of completeness. Do you really have all the axioms that you need to answer all the relevant questions in the system? If the system is incomplete, not all statements about the system can be proven to be true or false. Godel found that one could not decide either question in advance.
Solar Neutrino Problem
The solar neutrino problem and superconductivity aretwo examples or paradigms of what I am trying to express here. They are indicative of the evolution of physical law, what happens when discrepancies are found with the prevailing view. Sometimes the resolution is that the domain of validity is recognized to be more limited than we originally thought. Viewing Newton's laws as a special case (for low velocities) of Einstein's theory of special relativity is an example of this.
Sometimes the changes that must be made in the laws of physics come about very abruptly. But we forget very quickly all the things that had been wrong, and how different they were from the things we now think.
Before the solar neutrino problem was posed, the standard solar model had worked extremely well. It helped to predict the abundance of the elements in the universe and all types of stars, including our star, the Sun. So there was no predilection to challenge it. In 1968, physicists thought it might be nice to run an experiment that would help to verify predictions of the standard solar model in terms of the neutrino flux, which is an indication of fusion rates, temperatures, and other things going on in the Sun. The hope was to get a direct, rather than an indirect, confirmation of it. Most of the previous confirmations worked, but it had not really been tested strongly, just as general relativity has not been tested strongly as yet.
After running the experiment for almost 20 years, from 1968 to 1986, a large disparity was found: The solar neutrino flux was two to three times lower than predicted. This inconsistency between experiment and theory has held up even with recent experiments. Now we have a dilemma. But when you have a dilemma, you also have an opportunity. Many exotic solutions have been proposed, but none of these has been confirmed as yet.
My colleagues and I think we have solved the missing solar neutrino flux problem without recourse to extraordinary solutions 111. The fusion cross-section and the flux velocity are two main inputs for calculating the fusion rate in the standard solar model. We have found that the input fusion cross-sections need to be reduced. In addition, we discovered an overlooked condensed-matter effect on the flux velocity that is appreciable only at high densities and quickly diminishes at ordinary plasma densities. In dense plasmas, the ensemble of fusing particles has a significant exchange of kinetic and potential enthe means of purifying copper, or silver, or gold, which are good conductors-and therefore you would think would be a better thing to use for these kinds of questions-he never would have discovered superconductivity.
Those materials that are poor normal conductors have a strong phonon interaction, making them better superconductors. So Onnes chose mercury and, lo and behold, at about 4.2 degrees Kelvin, mercury lost all resistivity and became superconducting. He couldn't believe it! Finally, after checking and double checking, Onnesconvinced himself that he had made a revolutionary discovery.
Predicting Superconductivity
High temperature superconductivity is another example of a case where there is not just an evolution of a field, but a revolution, because nature turned out to behave quite differently than expected. Almost everybody had thought that high-transition-temperature (Tc) superconductivity was impossible. 
Superconductivity Surprise
realm of something that was totally contradictory to the laws of physics of the day. Superconductivity was not anticipated; no one ever predicted it. It was found by a serendipitous experiment. Superconductivity was discovered in 191 1 by Kamerlingh Onnes. Prior to that, theoreticians had speculated on three possibilities for conductors, none of which imply the remarkable effect Onnes observed, that below a certain temperature some metals lose all resistivityto electrical current. The three possibilities were:
As the temperature approaches absolute zero, the electrons would freeze out and the resistivity would go to infinity. The phonons would freeze out, and the resistivitywould go to zero. (This is not superconductivity, because of the Nernst Heat theorem, which states that you can never reach absolute zero.) The lattice defects would dominate, and the resistivity would approach some small, residual value beyond which it would not fail. Onnes had liquefied helium, so he was one of the few who could go down to low enough temperatures to test these three possibilities on a metal conductor. It was fortuitous that he chose a poor conductor, mercury. It was clear that he chose mercury because he wanted to use a very pure sample. Mercury has a high vapor pressure, it's easily distilled, and hence easily purified compared to other materials. If he had
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Superconductivity falls into the superconductivity were basically dismissed by the scientific community. It was hard for the experimenters themselves to reproduce the results, and even harder for someone in another lab. Sometimes papers on these experiments even made Physical Reviewletters, in which it isn't easy to publish. Even to this day, there are many unreproducible observations of what one might call super-high-temperature superconductivity (above 200 K). I don't doubt that in the future we'll have room temperature superconductivity, in a reproducible way.
To my knowledge, the transition temperature of a material has rarely been predicted before it was measured. It is considered impossible to calculate the transition temperature Tc of superconductors without knowing the interaction that leads to Cooper pairing.
Even for conventional superconductors, the detailed calculation of the electron-phonon spectral density and subsequent solution of the Eliashberg equations is laborious and costly, even for relatively simple materials. Consequently, simple Tcformulas, even if they are only approximate or only provide bounds, would be of great value in the search for more practical superconductors and in the pursuit of a more comprehensive theory of superconductivity.
My Theory o f Superconductivity
I developed an approach about 6 years ago that is probably the world's simplest and most general theory of super- Encouraged by all the foregoing results, I have looked in detail at high-transition-temperature superconductors for which sufficient data could be found to make detailed specific calculations using the electron effective mass m. Tom McMullen has given me invaluable help in doing this. Because of their layered two-dimensional structure, l get Tc2 = 4.15 x [(h2n2'3)/(mk)l Table 2 shows the excellent agreement this equation gives for a variety of layered superconductors including cuprates and organics, over a wide range of high to low critical temperatures. This is quite an achievement, as no one else even has an equation or algorithm for calculating the transition temperature for these materials.
Meissner and Anti-Meissner Effect
It took 22 years after the discovery of superconductivity until the Meissner effect was discovered in 1933. From Maxwell's equations, one expects the field to be frozen in during transition from the normal to the superconducting states rather than expelled. It was not that it was a hard experiment to do, but many people just didn't think it was worth doing. Thus, when we submitted our magnetic flux trapping papers for publication, the referees w o u l d respond t h a t t h i s shouldn't be published and made reference to books that said this is impossible. My answer was that ours isn't a theoretical paper, it's an experimental paper. We've done it. This just shows how things become entrenched. In times of great social flux, it is comforting for electric power utilities to know that a single nuclear burst will not produce a national blackout of the power grid.
know. But, that is an example of an inconsistency, because Maxwell's equations will predict that the field is frozen in, while in the London equations the magnetic field is expelled.
I was recently at the University of Houston, because they are pursuing work on trapped fields that my colleagues and I did 20 years ago and that was ahead of its time. We published magnetic field trapping papers in the early 1970s, and I have some patents on this [5,6,71. We've held the world's record for about 15 years with the largest field ever trapped at 22,400 gauss, and with high fidelity to the original field [81.
I thought they could trap much bigger fields with high-temperature superconductors, so I started some work on this at the University of Houston. At first, they could only trap a few gauss. But now Paul Chin's group and Roy Weinstein's group have independently trapped 40,000 gauss stably, and up to 70,000 gauss were trapped briefly at 4.2 K and 66 K respectively.
To produce a precise field with an electromagnet or a permanent magnet, you have to go to great pains.You have to wind an electromagnet very accurately, and the physical geometry of a permanent magnet has to be carefully machined. Now, once you have your first pattern magnet, you can walk in with some glob of superconductor (it has its own smarts built into it), stick it in the magnet, trap the field, and walk off with it. Not only do you have a large field, but you have a field with very high fidelity to the original field and not just simply uniform fields, but dipoles, quadrupoles, and so on. You name it. If you can make it, a superconductor can trap it.
You've all seen magnets floating over a superconductor as an illustration of the Meissner effect. The superconductor could just as well float over the magnet. It is easy to illustrate the anti-Meissner effect with a trapped field.
It is attracted to the magnet whose field it trapped. It's floating stably under the magnet. You can take a pencil, I I 
Cold Fusion
The scientific wisdom of our day certainly goes against the announcement to the world by Pons and Fleischmann on March 23, 1989, that they discovered cold fusion, or some anomalous nuclear phenomenon at room temperature with electrolytic cells. If the energy output that's claimed calorimetrically is at one level, the energy equivalent for the tritium measurements is five orders of magnitude lower. The energy equivalent for the neutron measurements is some 7 to 8 orders of magnitude down from that. That's about 13 orders of magnitude lower than the calorimetric energy level.
I think that the neutron measurements are valid. They're the right energy neutrons and the right spectrum. However, at such a low level, it's not very exciting and could even be hot fusion on an atomic scale. The tritium level is interesting; that could be a seminar in itself. I think they know how to do their electrochemistry and their calorimetry. A lot of the things we look up in the handbooks are from electrochemists like Pons and Fleischmann. If we don't believe this from them, we ought to start worrying about what's in the handbooks.
But even if we assume the calorimetry is correct, it isn't necessarily fusion. There could be a lot of other explanations for the high heat level. One possibility is that it's chemical, either ordinary or exotic. We expect chemical reactions to be only 2 to 3 electron volts per reaction per atom compared to megavolts for nuclear reactions. A very tight electron orbit in an atom could explain it. That's exotic chemistry rather than exotic nuclear physics.
Since there is a big disparity between the energy equivalent of the nuclear products and the calorimetric heat, some think that the very same tightly bound atoms also help in getting through the barrier. That would get two things for the price of one, heat and a small amount of nuclear products.
Electron orbital energies of 50 kilovolts might be possible, though they seem unlikely. Or, if somehow the palladium atoms are involved, and you're working with inner-orbit electrons, that could explain it without it being nuclear.
But I would say that if cold fusion is of a chemical nature, it's not nearly as exciting as it would be if it were nuclear. In a nuclear process, you are converting mass to energy and you get more energy out than you put in. If it's chemical, there's no more out than you put in. You trickle it in and you get it out fast. That might make a heck of a battery, but it's not an energy source.
Because scientists in this field can't get reproducibility and it doesn't fit into our accustomed thinking, it's been called pathological science. If the critics used the same standards in other fields, things accepted as valid objects of scientific enquiry (such as weather, lightning, earthquakes, and so on) would be called pathological science also. Ball lightning is wild, not understood, and far from reproducible. Ordinary lightning is not well understood and unpredictable.
There's a lot that we don't know. Let me give you an example of something that we now know and accept, but whose original proponents were considered kooks. In electric utility systems, transformers are designed so that there isn't any more iron in the core than needed to reduce capital cost. So they're designed to operate very near the saturation field.
At peak current, the iron core is close to magnetic saturation. Every 11 years at the maximum in the sunspot cycle, the solar storms couple with the EastWest electric transmission lines. This induces a very low frequency current (you can think of it as a direct current offset), which drives these transformers into saturation.
Fortunately, it wasn't a big problem in the past, and it goes away for another 11 years. It 
Nuclear Electromagnetic Pulse
Another kind of disagreement between nature and physics occurs when scientists are misguided to serve nonscientific ends. In the 1980s, there was a barrage of media and scientific papers asserting that the electromagnetic pulse (EMP) from one high altitude nuclear burst would black out not only the United States, but even the entire North American continent. EMP damage was supposed to send us back to the stone age for an indefinite, but quite lengthy time.
At least two kinds of EMP have been identified and studied extensively. Both are related to a high-altitude burst, and as such are called HEMP. One is an extremely fast pulse with a duration of sec occurring at the beginning of a burst, which we called TEMP (tach[fastl EMP). Since the TEMP was thought to have an electric field peak -50 kV/m, -IO6 times greater than the other, much slower, pulse called magnetohydrodynamic EMP, it was expected that the TEMP would have a much bigger impact. Almost all the attention was focused on TEMP.
The magnetohydrodynamic EMP occurs within seconds after the burst, and has a duration greater than or equal to I O 2 sec. Its effects are similar to, but generally less severe than those of solar storm geomagnetically induced currents, which last more than IO3 sec, and sometimes continue for days. Both phenomena cause flow of very low frequency current (almost direct) in the Earth, and transfer or induce this current to nearby structures. We have shown that although the magnetohydrodynamic EMP can affect large transformers, it odes not have widespread nationally deleterious effects [91.
I showed the imDact of TEMP would be local rather than continental, and ;lot be much greater than that of lightning [IO] . Consideration of the radiation reaction force and subtle relativistic effects indicate than 50 kV/m may not even be achievable for the preponderance of nuclear weapons that exist.
I think a consensus has been reached that major hardening against a single bomb is not necessary for civilian facilities such as the U.S. power grid. This has saved us many tens of billions of dollars.
It is refreshing that the "one bomb EMP national blackout scenario" has been defeated. However, we must be vigilant that it not arise from its own ashes like a phoenix.
Reality
Reality may not be the same to everyone. There is an objective and a subjective reality competing within each of us. Bear in mind that physics is not always part of objective reality. You have to be careful to respect everybody's reality.
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